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The diagnostic and predictive value of brainstem, middle la tency, and cortical auditory evoked responses, obtained in the j neonatal period, in 81 preterm infants was assessed in relation to j neurodevelopmental outcome. Eighteen healthy term infants served ] as a control group. In this report the patient characteristics and I neurodevelopmental outcome are presented. The preterm infants j were neonatally classified according to risk category and gestational age. At Although the survival rate of preterm infants has gradually improved over the past 20 years, the rate of preterm infants with neurodevelopmental disabilities has remained stable. Consequently, an increasing number of surviving preterm in fants will show major disabilities such as cerebral palsy, mental retardation, epilepsy, and visual and hearing impair ments in early life. The relatively high short-term and long term morbidity in preterm infants has encouraged many au thors to focus on the determination of neonatal risk factors to improve the prediction of neurodevelopmental outcome (1) (2) (3) .
Several neonatal risk factors and risk scores have been put forward as predictors of neurodevelopmental outcome in pre term infants and/or infants with low birth weight (2, 4) . How ever, these neonatal risk factors and risk scores are of limited clinical value, because a considerable number of preterm in fants, predicted to be at low risk, develop neurodevelopmental impairments during infancy or childhood. Neurophysiologie methods such as EEG and evoked responses are useful noninvasive techniques for evaluating brain function at the bedside in newborn infants (5)* Furthermore, some authors have stated that early physiologic indices can be used to predict long-term developmental trends (6, 7) .
In this prospective study the diagnostic and predictive value of BMC-AERs, obtained in preterm infants in the neonatal period, is assessed in relation to the long-term neurodevelop- PASMAN ET AL mental outcome. In this report we present the patient charac teristics and long-term neurodevelopmental outcome of the preterm infants involved in the study. In a companion study (24) , we will report on the diagnostic and predictive value of BMC-AERs in relation to the long-term neurodevelopmental outcome in the same cohort of preterm infants.
METHODS
Patients. Eighty-one randomly selected preterm infants (GA 25-34 wk) were included in this prospective study. This group consisted of inborn and out born infants who were admitted to the Neonatal Intensive Care Unit of the University Hospital Nijmegen between 1983 and 1985. Infants with dysgenetic brain lesions, major congenital anomalies, or well defined clinical syndromes were excluded from the study. A group of 25 healthy, term infants (GA 3 8 -4 2 wk) served as a control group.
In the neonatal period the infants were classified as high risk or low risk according to the semiquantitative NNI, which was performed in the first 2 wk after birth. The NNI is based on four items: 1) clinical neurologic examination, 2 ) echoencephalography, 3) arterial or capillary blood pH, and 4) Apgar score. The neurologic examination was performed according to Dubowitz et al (8) . Along with the items of the Dubowitz score the examination contained a qualitative analysis of spon taneous and evoked motility. A similar approach has recently been described by Albers and Jorch (9) . Based on the clinical neurologic examination, infants with neonatal seizures, cranial nerve palsies, asymmetric neurologic syndromes, or echoencephalographically determined brain lesions were classified as high risk. The neurologic and echoencephalographic examina tions were performed at least once biweekly until discharge. In case of hemorrhage the echoencephalographic studies were classified according to Papile et al (10) . Periventricular leukomalacia was assessed as present or absent. The NNI assess ment was also based on blood pH and Apgar score. In low risk infants the blood pH had to be above 7.10 (arterial) or 7.00 (capillary), and the Apgar score had to be above 7 at 5 min. The low risk preterm infants were divided into two GAGs: the early low risk preterm group (25-30 wk GA) and the late low risk preterm group (31-34 wk GA), Based on the NNI, 65 of the 81 preterm infants were classified as low risk and 16 as high risk {le. having one or more of the four NNI high risk criteria). Five of the 65 low risk infants and seven of the 16 high risk infants died in the neonatal period. Forty-four of the surviving low risk infants (73%), 18 of the 25 term infants (72%), and all of the nine surviving high risk infants (100%) had a complete follow-up. The other infants were not available to follow-up because of migration or withdrawal by the parents. In Table 1 GA, birth weight, and head circumference at birth of the preterm subgroups are given.
Neurologic and neuropsychologie follow-up. At the age of 5-7 y, a follow-up investigation was performed consisting of a neurophysiologic, neurologic, and neuropsychologic evalua tion. The clinical neurologic examination was carried out by an experienced child neurologist using standard pediatric neuro logic examination methods. The neurologic abnormalities were classified, using the WHO classification of impairments, dis abilities, and handicaps (11) . Neurologic abnormalities were classified as minor if they did not result in disability and/or handicap, and they were classified as major if they did. Based on the neurologic examination, the infants were divided into two groups: 1) the neurologically normal group, consisting of infants with no or minor neurologic abnormalities, and 2) the neurologically abnormal group, consisting of infants with ma jor neurologic abnormalities.
The parents received two questionnaires, one to be filled out by them, the other to be filled out by the child's teacher. These questionnaires were used to signal developmental and/or edu cational problems and to establish SES.
The neuropsychologic diagnostic work-up consisted of stan dardized tests: VMI, LDT or WISC-r, BWVK, and ADIT (12) (13) (14) (15) (16) . Based on the neuropsychologic test results the infants were classified as poor performers or normal performers, Based on the NNI and the neurologic evaluation at 5-7 y of age four preterm subgroups were determined: 1) low risk preterm infants without major neurologic abnormalities at age 5-7 y, 2) low risk infants with major neurologic abnormalities, 
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3) high risk infants without major neurologic abnormalities, and 4) high risk infants with major neurologic abnormalities. Based on the N N I and the neuropsychologic evaluation at 5-7 y of age the preterm infants were divided in four groups in an analogous way.
Statistics. The neuropsychologic tests (VMI, ADIT, BWVK, LDT) are standardized, and information on reliability and validity is available (12) (13) (14) (15) (16) . For the VMI and LDT age norms are available, so performances on these tests could be trans formed to standard scores. Because the standard scores of the BWVK and A DIT are expressed in steps of 1 SD, we decided to use more refined raw scores instead; this procedure is justified if age-matched groups are compared.
Based on the neuropsychologic test results, children who obtained a score in the lowest 10% range on the VMI (Le. VMI < 7) and/or the intelligence test (Le. TIQ < 80) were classified as poor performers. Also, children with a moderately poor VMI score of 7 combined with a below average score (Le. TIQ < 100) on the intelligence test, were identified as poor performers. The significance of the difference between the poor performers and the remaining preterm bom children was tested using a randomization test (17) .
To test the significance of the differences in test scores between the term group and preterm groups, three separate analyses of variance were conducted. In the first analysis, the term group was compared with the early low risk and late low risk preterm groups. In the second analysis, the term group was compared with the early and late low risk preterm group with a normal outcome. In the third analysis, the term group was compared with the low risk preterm group with an unfavorable neurodevelopmental outcome, L e. the low risk preterm infants with an abnormal neurologic and/or neuropsychologic devel opment at 5 y o f age. In the first two analyses of variance the factors in the analyses were: GAG, i.e. early preterm, late preterm, and term group, gender, and SES; in the third analysis the factors were: GAG, i.e. preterm (with unfavorable out come) and term, gender, and SES. The statistical analyses were conducted with SPSS for Windows 6.0.
RESULTS
The distributions of neurologic and neuropsychologic abnor malities at age 5 -7 y for the early/late and low risk/high risk preterm subgroups are given in Table 2 . Eight of the 44 surviving low risk preterm infants (18%), seven of the nine surviving high risk infants (78%), and none of the term infants showed major neurologic abnormalities. The neurologic defi cits in the preterm group consisted of mental retardation, epilepsy, infantile encephalopathy with diplegia, hemiplegia, quadriplegia or extrapyramidal movement disorders, and vi sual, auditory, or sensory disturbances ( Table 3) .
The VMI and TIQ criteria given in the "Methods" section were applied to identify neuropsychologic poor performers. According to these criteria 10 low risk preterm children were identified as neuropsychologically poor performers, nine ex clusively based on a poor VMI score and one based on a moderately poor VMI combined with a below average TIQ. To validate the classification of these neuropsychologically poor performers, a randomization test was used (17) . As a group, the 10 neuropsychologically poor performers had a composite z-score based on VMI, BWVK, and LDT, which was signifi cantly different from the composite z-score of the remaining low risk preterm children (p < 0.001). A considerable overlap between neuropsychologically poor performers and infants with neurologic abnormalities at 5 y was found: six of the 10 neuropsychologically poor performers were also classified as neurologically abnormal, four born between 25 and 30 wk GA and two born between 31 and 34 wk GA. Two infants with neurologic abnormalities had normal neuropsychologic out come. Thus, a total number of 12 low risk preterm infants emerge with an unfavorable outcome at age 5 y. The neuro psychologic test results are summarized in Table 4 .
No differences for SES between groups (F(2;55) = 0.34, p > 0.10) were found, The results showed a trend for the IQ scores of the LDT (LDT-TIQ, LDT-PIQ, and LDT-VIQ) to be highest for the term group, intermediate for the low risk preterm groups, and lowest for the high risk preterm group. In the first analysis, the term group was compared with the early low risk and late low risk preterm groups. Significant differ ences were found for LDT-PIQ (F(2;54) = 3.45, p < 0.05), which was primarily due to the lower test scores in the early low risk preterm group. Furthermore, girls in the late low risk preterm group had higher VIQ scores than the girls in the term group, resulting in a similar TIQ score. For the VMI there was a trend toward decreasing scores with decreasing GA. On the ADIT, early low risk preterm infants had lower scores than late low risk preterm infants. Percentages of infants passing the BWVK dropped from 83% for the early preterm girls to 71% for the late preterm boys and 44% for the early preterm boys (F(2;54) = 3.11, p = 0.05). Girls generally performed better than boys. The differences with respect to the factor gender were significant for LDT-TIQ [F(l;54) = 4.80, p < 0.05], LDT-PIQ [F(l;54) = 7.70, p < 0.01], VMI [F(l;54) =* 9.84, p < 0.01] and BWVK [F(l;54) = 6.28, p < 0.05]. In the second analysis the neuropsychologic test results of the term group were compared with the results of the early and late low risk preterm groups with a normal neurodevelopmen tal outcome at 5 y of age. In this analysis the factor gender reached significance for VM I [F(l;44) -7.81, p < 0.01]. Girls performed better than boys, GAG was a significant factor for (overall) difference was found between the term group and the ADIT [F(2;44) -3.67, p < 0.05]. Early low risk preterm these Iow risk Preterm infants with an «"favorable outcome, infants (25-30 wk GA) scored lower on the ADIT than late low These differences were significant for LDT-TIQ, LDT-PIQ, In this study, the incidence of major neurologic abnormali ties established by clinical examination at age 5-7 y (i.e. abnormalities leading to disability and/or handicap), was higher in the high risk preterm group (78%) than in the low risk preterm group (18%). It has to be emphasized that six of the eight low risk infants and six of the seven high risk infants with major neurologic abnormalities were bom between 25 and 30 wk GA. The percentage neurologic dysfunction is of the same magnitude as reported by other authors (18, 19) .
The neuropsychologic test results showed the highest IQ scores in term infants, intermediate IQ scores in low risk preterm infants, and lowest IQ scores in high risk preterm infants. With respect to the neuropsychologic test results, the differences between term and low risk preterm infants can be the result of a few low risk preterm infants with a moderate to severe disability (low incidence-high morbidity) or by a ma jority of the low risk preterm infants with only slight impair ment (high incidence-low morbidity). In a post hoc analysis of both the term and low risk preterm groups, 12 low risk infants with an unfavorable outcome at 5 y of age could be identified based on the neurologic examination and neuropsychologic tests, compared with none of the term infants. Six of these eight low risk preterm infants were not only neuropsychologically poor performers but also belonged to the low risk preterm infants with major neurologic abnormalities. A pronounced risk preterm (31-34 wk GÀ) and term infants.
VMI, and BWVK. In contrast, in the comparison of the term
In the third analysis the term infants were compared with the SrouP with the remaining infants of the early and late low risk low risk preterm infants with an unfavorable outcome. For the Preterm groups no significant differences were found due to neuropsychologic test results, larger differences were found CrA.111 other words, the majority of the low risk preterm infants between term and low risk preterm infants with an unfavorable showed no differences if compared with the term group; the outcome than between term infants and late and early low risk difference between term and preterm infants-as a group-is preterm infants with a normal outcome. The difference between caused by a minority of low risk infants showing moderate to term infants and low risk preterm infants with unfavorable severe neurologic and/or neuropsychologic abnormalities. Our outcome was significant for LDT-TIQ [F(l;24) = 5,49, p 0.05], LDT-PIQ [F(l;24) -9.27, p < 0.01], VMI [F(l; 24) findings are compatible with the results presented by some other authors (20, 21) . In other reports, however, more evi-26.0, p < 0.001], and BWVK [F(l;24) = 5 .7 1,p < 0.05]. The dence was found for the condition referred to as handicaps of term infants clearly performed better than the low risk preterm "low severity-high incidence" or as "hidden handicap5* (22, infants with an unfavorable outcome. Finally, in the high risk 23 ). groups there were significantly more poor performers than in The classification of the preterm groups in normal performthe low risk preterm groups (x2 test: elf = 1 , p < 0 .001).
ers and poor performers is used in a separate paper in which we 
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report on the diagnostic and predictive value of auditory e v o k e d responses in the same group of preterm infants.
